ENERGY AUDITS &
ENERGY MANAGEMENT
by Larry W. Bickle, Ph.D., P.E.
Introduction
Energy conservation is a popular subject. So
popular, in fact, that the federal government, under
President Carter, appropriated some $900 million to
conduct energy conservation programs in public
schools and hospitals. Energy audits playa major role
in this and other federal programs: but, so much attention has been given to energy audits, that they have
become almost synonymous with energy management.
This is a dangerous trend. Energy audits do not in
themselves produce energy savings. They are simply
one of several essential steps in an energy management
program.
Energy audits do have a useful role and should be
conducted. This paper, however, takes a critical look
at energy audits. The goal is to raise important issues
and limitations for both owners and auditors to consider. Hopefully, this will allow more effective use of
energy audits within the framework of a meaningful
energy management program.
Types of Energy Audits
There are a wide range of activities that are loosely
described as "energy audits." At one end of the scale,
simply collecting utility bills, calculating energy consumption per square foot, and comparing this consumption to "normal" or "average" values might be
termed an audit. At the other end of the scale , a professional engineer and/or architect's audit might include spending several man-days inspecting a
building, testing HVAC equipment, measuring
lighting levels, computing theoretical performance,
determining life-cycle costs, and preparing retrofit
construction documents.
The exact level or type of energy audit is not pertinent to the issues raised in this paper. In general,
however, most of the points relate to audits in which a
professional makes site visits and performs technical
calculations. In the terms used in various federal programs, this would be a "Class A" type audit and would
include some aspects of the Technical Assistance Program (TAP) type of technical and economic calculations.
Limitations of Energy Audits
With this general background, consider the following:
A. Energy audits do not save money by themselves.
It costs money to conduct any kind of an energy
audit. Unless the findings of the audit are used,
the audit itself will produce no savings. Conducting an audit before there is top level management commitment to implement the results can
be a serious waste of money.
B. It is possible to do an energy audit too early in the
program. If a detailed energy audit is conducted
too early in the overall energy management process, there is possibility for misdirection. Many of
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the most important first steps in the energy
management program, such as changes in administrative policies, cannot be easily quantified.
Unfortunately, neither the true cost nor the
energy savings from these actions can be put into
a mathematical relationship. However, there is
evidence which suggests that these actions may
have benefit/cost ratios of 50 to 100 times greater
than capital improvements.
While most energy audits do identify low and
no-cost actions, the energy audit with its calculations and "precise" numbers for capital improvements can focus attention away from these
more important early action areas. The net result
may save energy but not be the most costeffective program.

C. There are significant limitations ill the engineering techniques used to compute energy consumption in buildings.
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1.

Engineering analysis techniques to
analyze the long-term average impact of
"small" actions are not readily available.
For example, it is not possible to accurately
estimate the yearly savings that would
result from replacing a specific piece of
weatherstripping or from installation of
edge seals on outside air dampers.
But, many of these so-called "minor"
capital improvements can, when taken collectively , produce substantial energy savings. But, these "minor" actions also involve considerable cost, and thus, it is important not to apply them indiscriminately
in every case. In technical terms, the result
of each action is smaller than the uncertainties in the calculation techniques themselves:
2. Even if there were not uncertainites in
engineering techniques themselves, there
would be uncertainties in the input data.
The input data which is difficult to obtain
in precise terms includes a description of
the building, the environmental variables
(such as temperature, wind, and solar
radiation), and internal loads (such as occupants and lights).
In an older building there are usually
uncertainties about wall insulation, control
system set points, in situ efficiencies, and
other "details." Even when this is not the
case, reducing a real physical building to a
set of idealized nodes, conductances, and
terms in a calculational model introduces
simplifications and loss of precision.
Shade trees, obstructions at ground level,
local ground reflectants, small lakes, etc .,
change the specific micro-climate for an individual building. In most cases, engineering calculations will use macro-climate information from nearby weather stations.
The result is uncertainties and lack of precision in the weather data specifically applicable to the building being studied.
How many people are in the building at
the same time? What hours is it operating?
Are exhaust fans switched off at certain
times? Do occupants turn off lights when
they leave the room? How are draperies used? All of these and other important questions about the interaction between occupants and the building affect the precision of the energy consumption calculations. These occupant use patterns are extremely difficult to determine with any
precision because they change from hour to
hour, day to day, month to month, and
year to year.
Assumptions add to assumptions and so
on. Even the most complex, comprehensive
computerized methodologies such as
DOE-2, BLAST, TRACE, and AXCESS
can rarely predict actual energy consump-

tion in a building to within 10 to 15 percent. Discrepancies of 25 to 50 percent between theoretical calculations and actual
consumption are not uncommon . An occasional difference of 100% or greater is not
unknown. How much of these differences
are due to calculational techniques and
how much are due to errors and lack of
precision and input data is not clear. What
is clear is that the overall precision of the
process is not much better than the total
combined savings of possible modifications.
3. Another engineering problem is that few
simplified methodologies exist for predicting the interaction between energy conservation modifications. Simply put, energy
conservation modifications are not
cumulative; two modifications that each
would save 10% probably would not save a
total of 20 % if both were implemented. In
the simplest case, the first modification
saves 10% and the second saves 10% of the
remaining 90 % or 9 % .
But the situation can be worse: both
modifications could compete to save the
same energy. Consider, for example, the
combination of double-glazing and a night
setback thermostat. Both modifications
reduce heat conduction through the windows, but the interaction is highly complex.
If the night setback temperature is 55 F and
the nightime outside air temperature is 55
F, there is no temperature difference to
cause a heat flow. Thus, the double-glazing
has zero added benefits at that particular
instant. Clearly the savings of making both
of these modifications is not the sum of the
savings that would be calculated for each
modification individually.
These complex interactions can be
modeled to some extent using sophisticated
computer simulation programs such as
DOE-2. However, there need to be simpler
ways to evaluate the interactions between
potential modifications.
D. Another major limitation oj energy audits is cost
estimating. Most of the standard cost extimating
methods and data files are designed for use with
either new construction or major remodeling.
Mush of the energy conservation retrofit work is
really "odd jobs" that are handled by small independent contractors. These costs tend to be
highly localized and difficult to predict. While
no single retrofit project is large, there can be a
large percentage error in cost estimating. These
cost estimating errors can accumulate to produce
large errors in the total project cost.
Energy Managment Program
In spite of the limitations raised in this paper,
energy audits do have an important role to play in an
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overa ll ene rgy management program . The energy
management program needs to focus on more basic
issues.
Exactly what is "basic" varies from one client to
another. Based on our own past experience, and a
review of available literature, we would propose the
following as building blocks for a successful energy
management program. Whether you agree or not, an
internal discussion of these fundamental issues will
help focus energy management efforts for maximum
results:

A. Energy conservation should be viewed as an upper level management responsibility. Energy
conservation involves improved operations and
maintenance and investments in hardware.
These are but pieces of the broader management
problem of controlling energy costs. A wellbalanced program will cut across intern al divisions and require policy changes, integrated adminstrative practices, improved operations and
maintenance practices, public relations programs, and finally, capital investments.
B. An energy conservation program should be
financially sound. Energy conservation actions
cost money. Weigh these costs carefully against
potential savings so only cost-effective actions are
taken . The definition of "cost-effective" must be
formulated at the policy level using opinions
from as many interested parties as possible.
Administrative and policy changes tend to be
least costly to implement, are the most costeffective and should be undertaken first. Improvements in operations should be undertaken
next. And capital improvements should be deferred until last.
By progressing from less expensive changes to
funding the more expensive improvements out of
prove n future savings, a client can have a "selffinancing" program.
C.
Establish goals and priorities. State precisely
the goals of the energy conservation program. Is
it to reduce costs? Improve public image? What
are the relative priorities of the various goals? In
so far as possible, these goals should be quantitative.
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D.

Energy conservation is a team activity.
Whatever program evolves must be a cooperative
program between all participants. Recognize
that energy management is a sensitive activity.
The program defined for a particular client must
be unique and responsive to local needs, conditions, personalities, requirements, restraints, and
the broader goals of the client's organization.
E.
Focused accountability and responsibility are
critically important. While energy conservation
is a team "activity, one person must be in charge.
This person must provide clear, strong leadership. The energy management program must be
well defined and specific responsibilities and
authority agreed upon by all participants.
F.
Motivation and evaluation of progress are
vitally important. Energy conservation is really a
collecti on of many sma ll actions, like turning out
the light when leaving an unoccupied room.
Motivation and constant feedback are essential to
a cost-effective energy conservation program.
One of the best ways to both motivate and provide feedback is to implement an effective, easily
understood, and highly visible "scoring system"
for measuring the success of the energy management program.
An added benefit of this scoring system is that
energy conservation actions-policy changes or
capital investments-can be evaluated and
quantitative estimates of actual savings made.
G.
Energy conservation programs are site
specific. They must be tailored to specific
climatological conditions and building types.
H.
A Master Plan for Energy Management
(MPEM) should be developed. This plan should
identify specific responsibilities, establish evaluation crite ria, and systematically rank actions into
logical priorities for implementation.
Clearly these "basics" are not absolute, but they do
illustrate how the commonsense management techniques of commitment, motivation, education, and
evaluation can be integrated into a meaningful program to redu ce energy costs. Perhaps more importantly, implementation of an effect ive energy management program provides the proper perspective for inL. W.E.
terpretation and use of ene rgy audit results.
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